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Abstract
This study investigates the influence of micro-breaks on the attention of an assembly worker, by utilizing wireless
electroencephalographic (EEG) measurements. The EEG feature of interest for this study was the P300 event-related potential 
(ERP) component and P3a and P3b sub-components, as these components reflects the ones attention level. Nine students 
participated the study and completed the simulated manual assembly task, replicated from one of our industrial partner. We used 
sustained attention to response task (SART), instead of real industrial information that indicates the beginning of the operation. 
SART paradigm is “go/no-go” task, and in this version of SART, participants are required to respond to all “go” stimuli, in sense 
of initiating the action of manual assembly operation, and to withhold the action otherwise. The “no-go” condition was 
considered as micro-break period, since the participants had approximately five seconds to rest during a continuous simulated
working routine. Fifty ERPs preceding and following the “no-go” condition were compared. The results revealed that, on the 
group level, the values of the amplitude of the P3b sub-component, which is related to the higher-level attention processing, were 
significantly higher for the ERPs following than preceding the micro-break period. This finding indicates that the frequent micro-
breaks increase the attention of the manual assembly workers.
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1. Introduction
Manual assembly work is often highly repetitive and monotonous in nature, as workers are repeatedly completing 
the same operation up to few thousand times during the work-shift. This kind of work can lead to boredom, attention 
decline and mental fatigue of the workers [1]. Moreover, the extended monotonous work is followed by decrease in 
motivation and morale of the worker that in the long-term leads to mental stress, productivity decline and it can 
influence the end-product quality. In even worse scenario, the workers’ attention decline could lead to error in 
operating, causing work-related injuries, accidents and material damage [2]. 
Majority of existing literature on manual assembly task is concerned with the physical aspects of such a 
workplaces, rather than mental states of the operators [3]. This is also reflected in studies of work/rest conditions in 
the workplace, where major concerns are related to the prevention of work-related musculoskeletal disorders 
(MSDs) through various proposed physical exercises in rest periods [4]. However, far less attention has been 
dedicated to the influence of rest breaks on cognitive state of the workers. 
Understanding how the employees recover from work is important area of research in organizational and 
behavioural psychology [5]. The influence of work vacations, weekends and end of the day activities breaks on job 
performance and well-being has been largely documented, while the influence of within the work-day breaks has 
received far less attention [5-6]. During the work days, workers spend one-third of the day in the workplace, 
however they do not spend every moment engaged in the work task, but also short breaks occupy one part of the 
work-day [6]. These breaks from the task can be structured performance-related and the ones relevant for 
maintaining the workers well-being, such as lunch or rest breaks [6]. On the other hand, there are less structured 
forms of shorter breaks during the work, which are so called micro-breaks. The studies on micro-breaks suggest that 
they can be effective in reducing fatigue effects and increase in productivity of the worker [5].  
Although micro-breaks are frequently proposed as a method of reducing the strain and increasing the task 
engagement in work with VDU, such as data entry work position [4, 7], their effect should be similar if applied in 
the manual assembly work, as both work position consist of sustained work repetitiveness in static work postures.
The importance of micro-breaks was emphasized by OSHA through the following recommendation [8]: “High 
repetition tasks or jobs that require long periods of static posture may require several, short rest breaks (micro-
breaks or rest pauses). During these breaks users should be encouraged to stand, stretch, and move around. This 
provides rest and allows the muscles enough time to recover.”
As previously stated, the majority of literature on influence of micro-breaks was mainly concerned with the 
prevention of work-related MSDs. Another path in studying the micro-breaks was the measurement of workers’ 
productivity and performance before and after taking a break. However, the main drawback of these studies is that 
methods for measuring overall performance are unreliable [9] and they are unable to investigate underlying mental 
processes that are occurring before and after the break period. In order to address this problem, the methodologies
from the emerging field of neuroergonomics could be employed. Neuroergonomics tries to merge the disciplines of 
ergonomics and neuroscience, with the aim of exploiting the benefits of each [9-10]. The main advantage of 
neuroergonomics, over classical ergonomics approach, is that it provides precise analytical parameters depending on 
the work efficiency of individuals, by directly investigating relationship between neural and behavioural activity 
[11]. In this way it is possible to avoid unreliable user state evaluation based on theoretical constructs, which are 
describing cognitive states of the workers related to the task execution [11].
Traditionally, electroencephalography (EEG) was used in investigating how the brain processes various tasks. 
However, the main disadvantage of these studies was their containment to laboratory conditions. Moreover, the 
problems related to the movement artefacts, due to size of the recording equipment and cables needed to connect 
EEG cap to the amplifier, reduced the usefulness of EEG measurements in applied environments. As technology of 
wearable sensors is advancing, wireless EEG recently became available on the market, opening possibilities to 
record EEG signals in various environments [12-14]. Therefore, nowadays it is possible to reach the guiding 
principle of neuroergonomics [11] and directly investigate the brain processes during everyday tasks. 
Specific EEG feature of interest in studying attention is the P300 component of the event-related potentials 
(ERPs). P300 is the positive going deflection in ERP voltage fluctuation, which occur between 250-500ms upon 
stimulus presentation. It has been widely documented that the amplitude magnitude of the P300 component is 
directly related to the level of person’s attention [15]. The P300 component is sometimes bifurcated, containing two 
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sub-components P3a and P3b and although the P300 component is generally related to attentional processing, the 
mechanisms that generate P3a and P3b subcomponents significantly differ. It has been reported that the P3a 
component is more related to novelty preference and low-level attentional processes, while P3b component was 
found to be more related to high-level attentional processing and processing of endogenous aspects of stimuli [16]. 
In this work we attempted to investigate the influence of the micro-break on the attention level of an assembly 
worker, through the analysis of P300 ERP component’s amplitude. We created authentically replicated workplace in 
our laboratory, where participants simulated manual assembly work. We tested the hypothesis that the higher P300 
component, and especially the P3b subcomponent, amplitude would have higher magnitude following the period of 
micro-break, than preceding it.     
2. Methods
2.1. Participants
Nine healthy subjects, all right-handed males, aged between 19 and 21 years volunteered as participants in the 
study. Study was restricted to male participants   in order to exclude possible inter-gender differences and to 
replicate the selected job task more faithfully. Participants had no past or present neurological or psychiatric 
conditions and were free of medication and psychoactive substances. They were instructed not to take any alcoholic
drinks on the day before and the day of participation in the study, as well as not to drink coffee at least three hours 
prior their participation in the study. All participants had normal or corrected-to-normal vision. They have agreed to 
participation and signed informed consent after reading the experiment summary. The study was approved by the 
Ethical committee of the University of Kragujevac.
2.2. Experimental Setup
Our laboratory simulation replicates the production of rubber hoses used in the hydraulic brake systems in 
automotive industry. Full-scale replica of the specific workplace from our industrial partner has been created in the 
laboratory of the Faculty of Engineering at the University of Kragujevac. All major elements have been included 
while preserving respective spatial ratios. The laboratory was air-conditioned and the microclimate conditions were 
controlled, keeping the ambient temperature at 22±1oC while the measured relative air humidity value was between 
40% and 60%. The luminance at the workplace was also replicated from the industrial settings, using the same 
lightning and maintaining the luminance value at 810 lx. Finally, the noise trace was obtained by recording sounds 
in the vicinity of the original production facility, using cardiodid condenser microphone AT2020USB (Audio-
technica, Japan), and was replayed during experiments with SW-HF 5.1 6000 surround multimedia speaker (Genius, 
Taiwan). The ambient (light, noise) and microclimate (temperature, humidity) condition values were obtained using 
multifunctional environmental meter device PCE-EM882 (PCE instruments, UK).
In the production process, an operator is carrying out the crimping operation in order to join the metal extension 
to the rubber hose. This single operation is simple and consist of eight sub-steps, which participants are caring out in 
a sitting position. Although the process is comprised of eight sub-actions, the whole operation lasts less than ten 
seconds and a single operator completes between 2500-3000 elements during a work shift. Therefore, this workplace 
represents a typical example of a repetitive, monotonous industrial assembly work.
The single modification was made in replicated workplace. Instead of information presentation in industrial 
environment, we presented to participants verified psychological test called Sustained Attention to Response Task 
(SART). The SART was presented concurrently with the simulated action, with the aim of extracting ERPs from 
continuous EEG recording, following which the evaluation of the P300 component was possible. 
SART paradigm is a “go/no-go” task that consists of randomly presenting the digits from ‘1’ to ‘9’ (‘go’ of target 
stimuli). Participants are required to respond to each digit, with the exception of the digit ‘3’, which is marked as a 
‘no-go’ or non-target stimuli stimulus [17].   
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2.3. Experimental procedure
Experimental procedure is similar to [18]. Each of the participants arrived in the laboratory at 9:00 a.m. Upon 
carefully reading the experiment summary and signing the informed consent for participation in the study, 
participants started the 15-minute training session in order to get familiar with the task. Finally, EEG cap and 
amplifier were mounted on the participants’ head and the recording started around 9:30 a.m. 
Participants were seated in the comfortable chair in front of the improvised machine. The SART task was 
presented on the 24” screen from a distance of approximately 100 cm. The screen was height adjustable and the 
center of the screen was set to be in level with participants’ eyes. 
All stimuli were presented for 1000ms in a white font on a black screen background. The total experiment per 
subject duration was about one and a half hour during which 500 stimuli was presented in total. The probability of 
appearance of the target stimuli was set to 90%, while the appearance of the digit ‘3’ was set to 10%.  Sequence of 
stimuli was randomized with the condition that forbade two consecutive appearances of the “no-go” stimuli. In this 
study, the ‘no-go’ stimuli were considered as the micro-breaks period, as their duration was set to be 5 s, during 
which participants were instructed to hold the action. The total experimental duration was approximately one and a 
half hour.
EEG recording and ERP processing
EEG data acquisition was performed using state-of-the-art wireless EEG system SMARTING (mBrainTrain, 
Serbia). The small in size and lightweight EEG amplifier is tightly connected to a 24-channel electrode cap, 
(Easycap, Germany) at the occipital site of the participants’ head, using an elastic band. The connection between the 
EEG amplifier and recording computer was obtained using Bluetooth connection, and the data were streamed to the 
Lab Streaming Layer (LSL) recorder. The electrode cap contained sintered Ag/AgCl electrodes that are placed based 
on the international 10-20 System. Procedure set imposed that the electrode impedances must be kept below the 5kȍ
value, which was confirmed by the device acquisition software. 
EEG Data analysis was performed using EEGLAB [19]. EEG data were first bandpass filtered in the 1-35 Hz 
range, the signals were then re-referenced to the average of Tp9 and Tp10 electrodes. Further, an extended infomax
Independent Component Analysis (ICA) was used to semi-automatically attenuate contributions from eye blink and 
(sometimes) muscle artifacts [20]. 
Upon this data preprocessing, ERP epochs were extracted from -200 to 800ms with respect to timestamp values 
of “go” stimuli preceding and following “no go” stimuli indicated by Simulation and Neuroscience Application 
Platform (SNAP) software. Baseline values were corrected by subtracting mean values for the period from -200 to 0 
ms from the stimuli In the ERP analysis. The identified electrode sites of interest for the ERP analysis in this study 
were Fz, Cz, CPz and Pz, as the P300 component is usually distributed and is most prominent over the aentral and 
parieto-central scalp locations [21]. Further, we extracted the mean grand average (GA) values of the ERPs and we 
calculated the P3a (250-350ms window) and P3b (350-500ms window) component amplitude values, using the 
mean amplitude method [22]. Finally a repeated measures ANOVA was carried out in SPSS, with the aim to 
compare the amplitude values in the P3a and P3b window, before and after the micro-break period.
3. Results 
The GA values of ERPs preceding and following the micro-break periods are graphically represented on Fig. 1. It 
is notable that the amplitude of the P3b subcomponent had higher magnitude for the trials following the micro-break 
period (red line), than preceding it (grey line), on all electrode sites. However, this was not obvious in the P3a 
amplitude window.
P3a analysis (250-350ms): Repeated measures ANOVA with 2 within-subject factors (electrode SITE - Fz, Cz, 
CPZ and Pz and TIME - before vs. after the micro-break, i.e. ‘no-go’ trial), revealed a significant effect of SITE 
(F(3, 24)= 11.86, p<0.01), but no significant effect of TIME and there was no interaction effect (p>0.05). 
Amplitudes at Cz and Fz were significantly higher in comparison to the amplitudes at CPz and Pz sites (p<0.05).
P3b analysis (350-500ms): Repeated measures ANOVA with 2 within-subject factors (electrode SITE - Fz, Cz, 
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CPZ and Pz and TIME - before vs. after micro-break, i.e. ‘no-go’ trial), revealed a significant effect of TIME (F(1, 
24)= 5.43, p<0.05), but there was no significant effect of SITE and the interaction between SITE and TIME was also 
not significant (p>0.05). The detailed comparisons revealed that the amplitudes at all four sites were higher after the
micro-break in comparison to the amplitudes before the break (p<0.05), see Fig. 2.
Fig. 1. ERP waveforms on Fz, Cz, CPz and PZ electrode sites. Red line – GA ERPs following the micro-break period; Grey line – GA ERPs 
preceding the micro-break period. The P3a and P3b sub-component are depicted on the upper-left image. 
Fig. 2. Comparisons between the P3b amplitudes before (grey bars) and after (red bars) the micro-break period (p<0.05). Error bars: +/-2 SE
4. Discussion
The results of this study indicated that there is a significant difference in the P3b amplitude between the 
conditions preceding and following the micro-break period, while this was not the case with the amplitude of the 
P3a sub-component. This finding supports our hypothesis and confirms that the amplitude of the P3b sub-
component, which is related to the higher-level attention processing [16], was affected on all electrode sites and it 
had higher magnitude following the micro-break period than preceding it. On the other hand, the difference in the 
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amplitudes of the P3a sub-component, which reflects the low-level attention processes [16], before and after the 
micro-break period did not reach the statistical significance.
Regarding the industrial work organization, one could argue about the timing and the length of the rest periods 
during the shift. The most common approach of managing the rest periods is that workers are allowed to take one 
long, lunch break (approximately 30 minutes), and up to two additional break periods of shorter duration [23]. 
However, it was found that limited rest-break opportunities are significantly related to MSD and that shortcomings 
in work-rest schedules increase the likelihood of near misses and injury events [24]. Another approach, proposed by 
NIOSH is that workers should be provided with additional 5-minute breaks for each hour working and it was 
suggested that modified rest break schedules have resulted in significant reductions of these symptoms among 
workers, while modestly improving the productivity [23-24]. Our study differs from [23] in a way the participants 
were provided by the breaks and in total, in our study the participants had shorter total-time break period than in 
[23]. In fact, in our experimental settings participants had 50 micro-break periods (of 5s) during the experiment, 
which is cumulatively, approximately 3-minute break period for one hour of active engagement to the task. We have
shown that higher frequency of short breaks produce the higher attention level of the workers, following the break 
periods. Therefore, the attention level of the workers could be maintained throughout the workday by including 
frequent micro-breaks, potentially preventing the workers injuries that are caused by attention decline, while not 
affecting the productivity of the workers.
Although this study showed that frequent micro-breaks period increases the attention level of workers engaged in 
assembly tasks, it should be further extended. The future work should include the variation of the length of micro-
breaks, with aim to investigate whether the longer breaks would produce higher attention levels. Finally, an optimal 
micro-break period should be defined with aim to increase the attention level of the worker and improve the workers 
well-being, while enhancing productivity. 
5. Conclusion
Recently available wireless EEG sensors provided the possibility to examine how the brain process various 
stimuli in applied environments. We utilized the wireless EEG measurements in simulated assembly task, with the 
aim to examine whether the frequent micro-breaks periods are influencing the attention level of the assembly 
workers. Our findings is that amplitude of the P3b ERP sub-component, which is directly related to the high-level 
attention processing, had higher magnitude following than preceding the micro-break period. The results indicate 
that the workers on manual assembly line should have frequent short-breaks in order to maintain their attention level 
during the work-shift. In this way, the attention decline and boredom of the workers could be suppressed, improving 
the overall assembly workers’ well-being. Finally, the introduction of frequent micro-break periods in regular work 
routine could yield less frequent occurrence of the work-related injuries, which could be caused by the attention 
decline of the workers.
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